INTRODUCTION

1
Experimentally adapted populations are powerful resources for dissecting the genetic basis of 2 adaptation (Hill 2005) . These closed populations, subjected to long-term artificial selection 3 for clearly defined adaptive traits, will accumulate adaptive genetic variations at a more rapid 4 rate than natural populations. By mapping individual loci contributing to selection response in 5 these populations, it is possible to gain fundamental insights on the genetic architecture of 6 complex traits and their contributions to adaptation and evolution. As highlighted in Churchill 
16
to the QTL effects. In total, seven QTL were fine-mapped into 10 contributing loci, and 17 another 10 loci earlier reported elsewhere in the genome were confirmed (Sheng et al. 2015) .
18
Together, these 20 loci explain more than 60% of the additive genetic variance in the associations to 56-day body-weight were identified at 20% False Discovery Rate (FDR). Of 8 these, 13 were located in seven of the nine QTL (Table 1) , and 11 in selective-sweeps 9 elsewhere in the genome (Supplemental Table S1 ). 
11
10
The QTL-scan across Growth3 in the F 15 generation identifies a single association peak at 
13
( Figure 1B ). In Growth3, the peak marker in the F 2 population was the closest one among all 1 other peak markers to the fine-mapped location in the F 15 generation, and the additive effects 2 in the two generations differ only marginally (4g; Table 2 ). Thus, Growth2 and Growth3 QTL 3 could be fine-mapped to narrow chromosomal regions using the data from the AIL F 15 4 generation ( Figure 1 ). The 1 LOD drop-off confidence intervals for Growth2 and Growth3
5
were 0.5 Mb (60.2-60.7) and 1.9 Mb (112.0-113.9), respectively.
7
Two linked loci are revealed in four fine-mapped QTL: In four of the fine-mapped QTL
8
(Growth1 on GGA1, Growth6 on GGA4, Growth9 on GGA7 and Growth12 on GGA20;
9 Figure 2 ; Table 1 ), significant associations were detected to distant markers (> 2.5 Mb apart)
10
in either the QTL-scan, the backward-elimination analysis or both in the F 15 generation data.
11
In addition to this, pairs of physically close markers (< 1 Mb apart) were detected in three of 
12
( Figure 2A ). The association to the marker rs14916997 at 168. 
5
The Growth6 QTL extended across a long region of GGA4 in the F 2 analysis (Jacobsson et al. Figure 2C ). In the AIL F 15 , the QTL-scan ( Figure 2C ) and the 7 multi-locus bootstrap-based backward-elimination analysis ( 
15
across these two fine-mapped loci in the F 2 , with the main peak in the middle ( Figure 2C ).
16
The fine-mapping in the F 15 therefore indicates that Growth6 was a ghost-QTL (Knott and
17
Haley 1992) in the F 2 generation caused by the extended LD in this population.
19
The most significant QTL in the F 2 , Growth9, is located on GGA7 ( Figure 2D ). In the AIL
20
F 15 , the QTL-scan and bootstrap-based backward-elimination analyses identified, 8 Mb apart,
21
the same two independent loci in this QTL. The backward-elimination analysis detected
22
associations to two markers in each of these loci ( Figure 2D ; Table 1 (Table 1) . A possible explanation for why associations are detected to multiple physically 3 close markers (< 1Mb apart) is that together they tag haplotypes with different effects that 4 segregate at these loci. We describe how this hypothesis was tested for the loci where such 5 associations were detected in a separate section below.
7
The Growth12 QTL was mapped to GGA20 in the 
11
association to rs14280503 (5% FDR; Table 1 ) was significant in the bootstrap-based,
12
backward-elimination analysis. Epistasis is a possible explanation for this finding and this
13
was (for the locus detected in Growth1) tested in a separate section below.
15
Epistatic interactions between markers associated with 56-day body-weight: As Table 1, Table S1 ). The allele-frequencies at the marker rs14924102 had, Figure S1 ).
9
Explorations of three fine-mapped loci in two QTL that segregate for multiple alleles:
10
The backward-elimination analysis detected associations to pairs of physically close markers
11
(< 1Mb apart) at three loci in two QTL (Growth4 and Growth9). In Growth4 on GGA3 the 12 associated markers are located 0.2 Mb apart and in Growth9 on GGA7 they are located 0.6 13 and 0.1 Mb apart, respectively ( Figure S2) , suggests that the region 3 should be evaluated further using more informative markers to understand which haplotypes 4 contribute to the multi-marker association at this locus.
6
The distal locus in the Growth9 QTL was fine-mapped to two SNPs located 102 kb apart on Figure 3A ). Figure 3B ; Figure S4 ). The major two-marker LWS-haplotype (GA) at generation 40, In this study, we have continued to dissect the genetic architecture underlying the highly 
10
23
Our backward-elimination based mapping approach revealed associations to markers that 24 were physically close but segregated for multiple alleles in at least one of the founder lines.
25
By utilizing haplotype information on the founders, we confirmed that these markers tag 
17
The 24 markers in the fine-mapped QTL and selective sweeps outside QTL regions explained rs316102705 and rs14916997 in Growth1 on GGA1; Table 2 ). These unfavorable linkages 2 will decrease the genetic variance explained by the QTL in the F 2 where the LD extends over 3 both these loci.
5
For the QTL that were fine-mapped to a single bi-allelic locus, there was an overall 6 agreement between the additive effects estimated in the F 2 and F 15 generations ( Table 2 ). This representing such effects ( Table 2) . The degree to which these estimates differ will depend, 
3
In conclusion, this study illustrates that the strong response to long-term divergent selection in 4 the Virginia body weight lines rely on a highly polygenic and complex genetic architecture. 
8
Marker selection and genotyping
9
In total, 434 SNP markers, genotyped using a GoldenGate genotyping assay (Illumina Inc;
10
performed at the SciLifeLab SNP&SEQ Technology Platform at Uppsala University), were
11
included in this study. Of these, 252 markers were genotyped and used in an earlier study of effects that the predominant allele in LWS increased weight.
7
Multi-locus association analysis using a backward-elimination strategy with 8 bootstrapping to correct for population structure
9
The statistical analyses were designed to simultaneously fine-map nine QTL regions
10
contributing to 56-day body-weight in the Virginia body weight lines, while also accounting
11
for the effects of other regions across the genome. This was to appropriately account for the 
25
Not known in advance was how many genetic markers in the fine-mapped QTL contributed to 
19
In the second step of the analysis, all markers selected in the pre-screening were analyzed 20 jointly using the bootstrap based method of Valdar et al (Valdar et al. 2009 ). This analysis 21 was used to identify the loci that contribute to 56-day body weight in this population and that 
12
All raw data will be released upon publication of the final manuscript. 
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